Abstract. Diagnostic value of fine-needle aspiration (FNA) combined with ultrasound for thyroid cancer was evaluated. A retrospective analysis was performed on the preoperative FNA and ultrasound data of 165 thyroid nodule patients, were divided into group A (≤1 cm group) and group B (>1 cm group) based on the maximum diameter line of the thyroid nodule. The sensitivity, specificity, accuracy, positive predictive value and negative predictive value of FNA, ultrasound and FNA combined with ultrasound in the diagnosis of thyroid cancer were analyzed and compared. In group A (≤1 cm group), the sensitivity, specificity, accuracy, positive predictive value and negative predictive value of FNA in the diagnosis of thyroid cancer were 93.33, 71.43, 91.04, 96.55 and 55.56%, respectively, those of ultrasound were 86.67, 28.57, 80.60, 91.23 and 20%, respectively, and those of FNA combined with ultrasound were 100, 28.57, 92.54, 92.6 and 100%, respectively, with statistically significant differences in the sensitivity, specificity, accuracy, positive predictive value and negative predictive value between FNA, ultrasound and FNA combined with ultrasound (P<0.05). In group B, the sensitivity, specificity, accuracy, positive predictive value and negative predictive value of FNA in the diagnosis of thyroid cancer were 100, 54.55, 94.90, 94.57 and 100%, respectively, those of ultrasound were 96.55, 72.73, 93.88, 96.55 and 72.73%, respectively, and those of FNA combined with ultrasound were 100, 63.64, 97.96, 95.92 and 100%, respectively, without statistically significant differences in the sensitivity, specificity, accuracy, positive predictive value and negative predictive value between FNA, ultrasound and FNA combined with ultrasound (P>0.05). FNA combined with ultrasound significantly improved the sensitivity and accuracy in the diagnosis of the thyroid nodule in group A, but it did not significantly improve the accuracy, sensitivity and specificity in the diagnosis of the thyroid nodule in group B.
Introduction
Thyroid cancer, a common malignancy of head and neck, has a high incidence of 56 cases per 100,000 persons that, ranks first in systemic endocrine tumors, and its incidence in females is higher than that in males (1, 2) . In recent years, due to the deterioration of the environment and the accelerated pace of life, the incidence of thyroid cancer has increased posing a great threat to human life (3) .
The tumor cells of thyroid cancer are derived from thyroid epithelial cells, and thyroid cancer has a high incidence and less obvious clinical symptoms in the early stage, so its early diagnosis is also increasingly important (4) . At present, the thyroid nodule is often detected by FNA, isotope scanning and ultrasound in clinical practice (5) . Ultrasound detection has the advantages of low price, non-invasiveness, simple operation and good resolution and commonly used in the examination of thyroid lesion clinically (6) . It also provides detailed data and description on the size, location and morphology of the nodule during the examination of the thyroid nodule, and explores some clinically untouched nodules, which has a certain value in the early diagnosis of thyroid cancer (7) . According to the research report of Niu et al (8) , ultrasound can find the smallest thyroid nodule with a diameter of 1 mm, and show the structure, envelope and calcification of the nodule with a diameter of 2 mm in detail. However, the polypathia of some nodules leads to the overlapping of ultrasound images, which causes ultrasound to have certain limitations and deficiencies for the diagnosis of benign and malignant small thyroid nodules. Because of its diagnostic safety, minimal invasiveness and good accuracy, FNA is currently considered to be the most effective method for the clinical diagnosis of thyroid malignancies in addition to pathological examination (9) . At present, there are 6 classification criteria for FNA in the diagnosis of thyroid cancer, including undiagnosed, benign lesion, follicular lesion, follicular neoplasm, possibly malignancy and malignant lesion. However, the difference in the operation technique and experience in the diagnosis leads to missed diagnosis, misdiagnosis, and differences in the diagnosis results and pathological examination (10, 11) . At present, there are few studies on FNA combined with ultrasound in the diagnosis of thyroid cancer, which was therefore explored in this study, in order to find a more accurate method for the diagnosis of thyroid cancer and provide a more accurate diagnostic reference.
Patients and methods
Basic information. A retrospective analysis was performed on 165 thyroid nodule patients in Liaocheng People's Hospital (Liaocheng, China) from July 2014 to July 2017, and all patients underwent ultrasound and FNA examinations. The average age was 35.9±8.7 years. The patients evaluated in this study were thyroid tumor patients including patients with malignant and benign tumors. There were 147 patients with thyroid malignant tumors, including 119 patients with papillary carcinoma, 14 patients with follicular carcinoma, 8 patients with undifferentiated carcinoma and 6 patients with medullary carcinoma. Another 18 patients had thyroid benign tumors, including 13 patients with nodular goiter, 3 patients with tumor nodules and 2 patients with cysts. group A consisted of 67 patients with a thyroid nodule diameter of ≤1 cm, including 60 patients with malignant nodules and 7 patients with benign nodules, and group B consisted of 98 patients with a thyroid nodule diameter of >1 cm, including 87 patients with malignant nodules and 11 patients with benign nodules. There were no significant differences in sex, age and BMI between the two groups (P>0.05) ( Table I) .
Inclusion and exclusion criteria. groups A and B included patients diagnosed with malignant or benign thyroid nodules by pathology. These patients were aged 25 to 45 years with stable diseases and vital signs. Patients who underwent ultrasonography and FNA were included. Patients with non-thyroid nodules, patients with unstable diseases, patients who had undergone radiotherapy and chemotherapy, patients complicated with other tumors, patients with severe loss of liver and kidney function, patients with cognitive and communication disorders and patients who did not cooperate with the examination were excluded. All subjects and their family members signed an informed consent form and cooperate with medical staff to complete relevant medical treatment. The study was approved by the Ethics Committee of Liaocheng People's Hospital.
Experimental instruments and materials. Ultrasound diagnosis was performed using the SIEMEAS Acuson sequoia 512 color Doppler ultrasound diagnostic instrument manufactured by gE Healthcare Life Sciences configured with the LA523 high-frequency linear array probe (12 MHz). Lidocaine (2%) for puncture and anesthesia was purchased from Changtian Pharma Co., Ltd.; SFDA approval no. H20057825. The biopsy puncture needle (23 gx8 cm) was purchased from C. R. Bard.
Methods. During the ultrasound examination, the patient was placed in a supine position with the neck raised to fully expose it. The thyroid was scanned thoroughly and versatilely, and the size, location, morphology and calcification of the nodule, peripheral and internal blood flow, tissue changes, and changes in surrounding lymph nodes were recorded. After the ultrasound examination, the FNA detection was performed. Before the puncture, the patient was placed in the supine position with head overextension to fully expose the head and neck, then the routine disinfection and drape were performed. Two percent lidocaine was used for local anesthesia and a #7 needle was used for the negative pressure puncture of the thyroid nodule, in order to obtain the biopsy tissues. After that, the negative pressure was quickly eliminated, the needle was removed and the tissues were sent for examination. The FNA and the ultrasound results were compared with the results of the pathological examination that were used as the gold standard, and the diagnostic values of FNA, ultrasound and FNA combined with ultrasound for thyroid cancer were evaluated. According to relevant studies (12, 13) , sensitivity, specificity, diagnostic coincidence rate, negative predictive value and positive predictive value were used in this study to evaluate the diagnostic values of FNA, ultrasound and FNA combined with ultrasound for thyroid cancer.
Statistical analysis. The statistical software SPSS 19.0 (IBM Corp., Armonk, NY, USA) was used to analyze and process the research data. χ 2 test was used for the comparison of enumeration data between groups. For frequencies <5, a Fisher's exact test was used. At P<0.05 the difference was considered statistically significant. 
Results
Analysis of partial ultrasound images and FNA image. Ultrasound images: Fig. 1 shows low echo nodule of 1.4x1.3x1.1 cm detected by ultrasound, with unclear boundary, heterogeneous internal echoes and multiple dotted high-echoes. Fig. 2 shows medium and low echo nodules detected by ultrasound, with an echo halo on the edge and regular shape, therefore suspected of papillary thyroid carcinoma. FNA image: Fig. 3 shows follicular epithelium. The cells were various in size and crowded, with the nucleus being ground glass-like. Therefore, it was considered as papillary thyroid carcinoma.
Comparison of diagnostic values of ultrasound, FNA and ultrasound combined with FNA in group A.
In group A, the sensitivity, specificity, accuracy, positive predictive value and negative predictive value of ultrasound in the diagnosis of thyroid cancer were 86.67, 28.57, 80.60, 91.23 and 25%, respectively, those of FNA were 93.33, 71.43, 91.04, 96.55 and 55.56%, respectively, and those of FNA combined with ultrasound were 100, 28.57, 92.54, 95.6 and 100%, respectively. Ultrasound combined with FNA had higher sensitivity than ultrasound and FNA alone, higher accuracy than ultrasound alone and lower missed diagnosis rate than ultrasound and FNA alone, with statistically significant differences (P<0.05) (Tables II and III) . (Tables IV and V) .
Discussion
As the most common thyroid malignant tumor, thyroid cancer accounts for ~1% of systemic malignant tumors and occurs in patients at any age, with a higher incidence in females than in males (14) . In most cases, thyroid cancer occurs on one side of the thyroid gland and is a single tumor (11) . In clinical practice, the early clinical manifestations of thyroid cancer are similar to those of benign thyroid nodules, which are mainly lumps in the thyroid, difficult breathing, swallowing obstruction and hoarseness, so thyroid cancer is easily misdiagnosed as a benign nodule. Therefore, the malignant lesion should be detected and excluded for each thyroid nodule patient (15, 16) . The most common pathological type of thyroid cancer is papillary adenocarcinoma that accounts for ~70%, followed by follicular adenocarcinoma, medullary carcinoma and undifferentiated carcinoma (17) . At present, the key to the treatment of thyroid cancer remains how to make the early diagnosis and intervention therapy (18) . Ultrasound, which is commonly used in clinical practice, is an auxiliary diagnostic method of thyroid cancer, but the ultrasound images of thyroid cancer are overlapping and diverse, so ultrasound has a high misdiagnosis rate of atypical and early thyroid cancers (19) . Simple to operate and relatively safe, FNA has higher sensitivity and accuracy and is currently considered to be effective for detecting thyroid cancer worldwide (20) . However, the diagnosis of some nodules by FNA such as follicular adenocarcinomas is unclear (21) . Therefore, in this study, the diagnostic value of FNA combined with ultrasound for thyroid cancer was explored, in order to provide a more accurate diagnostic method of thyroid cancer. In this study, the diagnostic values of ultrasound, FNA and ultrasound combined with FNA for patients with a thyroid nodule ≤1 cm were first analyzed. The results showed that ultrasound combined with FNA had higher sensitivity than ultrasound and FNA alone, higher accuracy than ultrasound alone (P<0.05). There is a study (22) showing that preoperative ultrasound combined with ultrasound-guided lymph node puncture biopsy can detect approximately >50% of breast cancer patients with axillary lymph node metastasis, which indicates the diagnostic value of ultrasound combined with puncture biopsy, and supports our conclusion. Then, the diagnostic values of ultrasound, FNA and ultrasound combined with FNA for patients with a thyroid nodule >1 cm were analyzed. The results showed that in group B (>1 cm group), there were no statistically significant differences in the sensitivity, specificity, accuracy, positive predictive value and negative predictive value between FNA, ultrasound and FNA combined with ultrasound (P>0.05). These findings show that for large nodules, ultrasound, FNA and ultrasound combined with FNA are not much different, but ultrasound is relatively more convenient and economical. There is a study (23) showing that the accuracy of FNA is 100.0% in the diagnosis of medullary thyroid carcinoma with a diameter >1 cm and 66.6% in the diagnosis of medullary microcarcinoma with a diameter <1 cm, which is similar to our findings. We concluded that the accuracy of ultrasound and FNA is affected by the size of the nodule, and the smaller the nodule is, the lower the accuracy of diagnosis is, which are also consistent with the findings of Shrestha et al (24) . However, it has been reported (25) that the sensitivity of thyroid FNA affected by operational techniques and diagnostic experience is difficult to be calculated accurately. Therefore, our experimental results have yet to be further verified.
In summary, FNA combined with ultrasound can significantly improve the sensitivity and accuracy in the diagnosis of the thyroid nodule in the ≤1 cm group, while ultrasound, FNA and ultrasound combined with FNA all have higher sensitivity and accuracy in the diagnosis of the thyroid nodule in the >1 cm group, without significant differences. Therefore, it can be considered that ultrasound combined with FNA has a higher diagnostic value for the determination of most benign and malignant thyroid nodules, and can be used as a preferred solution for the clinical diagnosis of thyroid cancer.
